WHAT IS CLAIMED IS 
\ 




lens system an 



An optical train for viewing an object, the optical train comprising: 
jan objective lens system for capturing an image of the object; 
an ocular lens system that forms a final image of the object; 
a relay lens system disposed along an optical path between the objective 
1 the ocular lens system; 
wherein an intermediate image is formed within an optical element in at 
objec^ns system, ocular lens system, and relay lens system. 



least one of thq 

The optical train of claim 1 wherein the optical element has an 
index of refractjion greater than one. 

The optical train of claim 1 wherein the intermediate image formed 
within the opticjal element is expanding. 

^ . The optical train of claim 1 wherein the optical element comprises 
a single lens, a [od lens, a compound lens, an extended lens, or a glass element. 



a glass element 
element. 



The optical train of claim 1 wherein the optical element comprises 
coupled to a lens, wherein the intermediate image is formed in the glass 



comprises the O] 



The optical train of claim 1, wherein the objective lens system 
tical element, wherein the reiay lens system is separated from the 
objective lens system by an objective-relayy^pj wherein the optical element is disposed 
adjacent the relay lens system, and wherein po intermediate image is disposed within the 
objective-relay g ip. 



comprises the opt 
lens system by an 
relay lens system 
gap- 

8. 



The optical train of claim 1, wherein the ocular lens system 
cal element, wherein the relay lens system is separated from the ocular 
ocular-relay gap, wherein the optical element is disposed adjacent the 
and wherein no intermediate image is disposed within the ocular-relay 

An endoscope comprising: 
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^ shaft having a distal portion adjacent a distal end and a proximal portion 
adjacent a prox mal end; 

m ocular lens system disposed along the proximal portion; 

i relay lens system disposed along the shaft between the proximal portion 
rtion; 

objective lens system disposed along the distal portion, the objective 
lens system comprising a lens, the objective lens forming a first intermediate image 
within the lens. 



separated firom thfe 
disposed adjacent 
within the object] 



The endoscope of claim 8, wherein the relay lens system is 
s objective lens system by an objective-relay gap, wherein the lens is 
the relay lens system, and wherein no intermediate image is disposed 
ij/e-relay gap. 

The endoscope of claim 8, wherein the ocular lens system 



101 

comprises a secor 

system by an ocul^-relay gap, wherein tM second lens is disposed adjacent the relay lens 
system, and wherdin no intermediate image is disposed within the ocular-relay gap. 



n d lens, wherein the relq^/i^ns system is separated fi-om the ocular lens 
il ir-r 
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plurality of axially 
relay unit 
disposed between 
image is formed therein 



12 

plurality of axially 



The endoscope of claim 8, wherein the relay system comprises a 
separated relay units, the relay units being interchangeable and each 
compnsitig an axially sjonmetric set of relay lenses, wherein a relay gap is 

each pair of adjacent relay units so that an associated relay intermediate 



The endoscope of claim 8 wher^n the relay system comprises a 
£ eparated relay units, the relay units being interchangeable and each 



relay unit comprisir g an axially symmetric set of relay lenses, wherein an optical element 



is disposed between 



formed in the optics 1 element. 



1 13. 

2 refractive index gre 



14. 



each pair of adjacent relay units so that an intermediate image is 



The endoscope of claim 12 wherein the optical element has a 
Iter than one. 



A method of manipul^ 
endoscope, the met|iod comprising: 



an image captured by a stereoscopic 
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setting a diopters of the captured image- 
independently altering the magnificatior of a image without significantly 
affebting the diopters; 

adjusting the X-Y positioning of the im^ge without introducing aberrations 
or afj^ecting the diopters and magnification; and 

rotating an orientation of the captured iibage, wherein rotating does not 
affect ^he diopters, magnification, and X-Y positioning of the captured image. 

setting comprises axially moving 

the plurality of lenses comprises a 
the magnification comprises 
and third lenses of the 



1 5 . The method of claim 1 4 whereii i 
a plurality of lenses in an ocular system. 

1 6. The method of claim 1 5 whereji 
first lens,\ a second lens, and a third lens, wherein alte. 
leaving tnfe first lens stationary and axially moving 
ocular system. 




1 7. The method of claim 14 where in 
comprises akially moving a lens of the ocular system 
ocular syste 



18. The method of claim 14 wherein rotating the image comprises 
turning a prishn of the ocular system. 



19, A method of manipulating an 



adjusting the X-Y positioning 
orthogonal to an optical axis of the 



image within a stereoscopic 



endoscope comprising at least a first lens, second lens, a third lens and a prism positioned 
in an optical ppth of the ocular system, the method comprising: 

loving the lenses of the ocular system along the optical path to adjust a 
diopters of the Endoscope; 

laintaining the position of the first lens and moving the second and third 
lens to adjust thi magnification of the image; j 

adjusting an orthogonal positioning Df the second lens to adjust the X-Y 
position of the iniage; and 

rotating the prism to adjust the rotat lonal orientation of the image. 
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20. The method of claim 19 wherein the 0(iular system fbrther 
comprises a fou: th lens, the method further comprising movi: ig the fourth lens with the 
third lens. 



wedge to form a 



positive lenses. 



The method of claim 19 comprising biding light rays with a 
stereo line of convergence. 



The method of claim 19 wherein the second lens is a negative lens 



The method of claim 22 wherein the first lens and third lens are 



24 A stereoscopic endoscope comprisi 
a ^haft comprising a proximal end and a disjal end; 
an objective lens system positioned at the djkt^jmd of the shaft; 
a r^lay lens system disposed proximal of *eoblective lens system; and 



an 

the ocular lens sy 
bends light rays e: 
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positioned along 
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ocular lens system disposed on the pr 
tern comprises a prism having a wedge 
iting the ocular lens system to create a 




nd of the shaft, wherein 
lisposed at a proximal end that 
;tereo line of convergence. 



The stereoscopic endoscope of claipi 
proximal surface of a prism in the ocu 



The stereoscopic endoscope of clai m 24 wherein the stereo line of 



convergence is approximately 50 mm from the distal end 



24 wherein the wedge is 
ar lens system. 



27. 

formed by grindin 
28. 



The stereoscopic endoscope of claf m 24 wherein the wedge is 
a proximal end of the prism. 



The stereoscopic endoscope of cl^im 
system comprises fe plurality of moveable lenses which 
of diopters and magnification. 



29. 

system, relay lens 
30. 



of the shaft. 



24 wherein the ocular lens 
ijrovide independent adjustment 



The stereoscopic endoscope of cliiim 24 wherein the ocular lens 
J lystem and ocular lens system are an fintegral unit. 

A stereoscopic endoscope compmsing: 
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^ first channel comprising a first optical path ai|d a first objective lens 
system opticallv coupled to a first ocular lens system through a first relay system; 

/a second chaimel comprising a second optical path and a second objective 
lens system op tically coupled to a second ocular lens system tnrough a second relay 
system; I 

wherein the first ocular lens system and the second ocular lens system each 
comprise a fiJst and second positive lens and a negative lens disposed in the optical paths, 
wherein the r egative lenses can be moved off the optical path; 



first channel 



2 negative lens 



vith the second chaimeL 

3 1 . The stereoscopic endoscope of claim 3( i 
introduces no more than 1% aberrations. 



lenses are mc 



so as to stereo match the 



wherein movement of the 



32. The stereoscopic endoscope of claim 3^ wherein the negative 
ved orthogonal to the optical axes. 



33. The stereoscopic endoscope of clairif 
lens system ahd second ocular lens system each comprise a 
rays to create a stereo line of convergence. 



herein the first ocular 
i^edge which bends the light 



34. The stereoscopic endoscope of claim BO wherein the first and 
second relay : ens systems each comprise a plurality of axialJy separated relay units, the 
relay units co uprising an axially symmetric set of relay lenses, wherein an optical 
element is disposed between each pair of adjacent relay unfts so that an intermediate 
image is form jd in the optical element. 

35. A method of manipulating an image, the method comprising: 
capturing an image with an objective lens system; 

relaying an unbalanced imaged through a ijblay lens system to an ocular 



lens system; aid 



image. 



balancing the relayed image with the ocular system to produce a final 



36. The method of claim 35 wherein ifelaying comprises forming an 
intermediate image in an optical element in the relay lenp system. 

\ 
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The method of claim 36 whejrein the optical element has a 
refractive index of greater than one. 

/ 

38. The method of claim 36 wl^erein forming comprises preventing the 
image from b^ing degraded by dust particles. 

39. The method of claim 35 wljerein the final image comprises less 
than 1% aberl-ations. 



40. The method of claim 35j 
diopters, adj listing magnification, adjusting line 
rotational po jition of the image. 



41. The method of claim 3f wherein relaying comprises delivering an 
unbalanced ifcitermediate image to the ocular iens system. 



compensatir 



rein balancing comprises setting 
)sitioning of the image, or adjust 



42. The method of claim p5 wherein balancing comprises 
g for distortions in the image. 
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